NADPH oxidases are key components of redox-dependent signaling networks involved in the control of cancer cell proliferation, survival and invasion. The data have been accumulated that demonstrate specific expression patterns and levels of NADPH oxidase homologues (NoXs) and accessory genes in human cancer cell lines and primary tumors as well as modulation of these parameters by extracellular cues. our previous studies revealed that RoS production by human colorectal adenocarcinoma Ht-29 cells is positively correlated with adaptor protein Ruk/cIN85 expression while increased levels of Ruk/cIN85 in weakly invasive human breast adenocarcinoma mcF-7 cells contribute to their malignant phenotype through the constitutive activation of Src/Akt pathway. In this study, to investigate whether overexpression
M ultiple experimental data from in vitro cell line studies and xenograft models as well as screening of primary tumor samples suggest that reactive oxygen species (ROS) act as second messengers in intracellular signaling pathways that can strongly influence tumor growth and survival, and support the oncogenic potential of cancer cells [1] [2] [3] . One of the main sources of ROS within cells is members of NADPH oxidase family (NOX/DUOX family), which include 7 homologs: NOX1, NOX2, NOX3, NOX4, NOX5, DUOX1 and DUOX2 [4, 5] . ROS produced by NADPH oxidases at physiologically relevant concentrations in timeand space-dependent fashion mediate oxidative modifications of biomacromolecules thus regulating their biological activity [4, 6, 7] . Expression patterns of NOX enzymes and their accessory proteins in tumor cell lines and tumor samples are highly tissue-specific [5, 8] . Currently, it is known that growth factors and cytokines, integrin-dependent stimulation as well as hypoxia can induce changes in expression and activity of NADPH oxidases [5] .
Among the important components of signaling networks involved in the control of cell physiology are adaptor/scaffold proteins [9] . Having modular structure, these proteins not only determine the formation and localization of signaling complexes but also control specificity, efficiency and the amplitude of signal propagation [10] . Adaptor/scaffold protein Ruk/CIN85 containing three SH3 domains, prolinerich region and C-terminal coiled-coil domain was shown to be a platform for signaling complexes formation involved in the control of fundamental cellular and signaling events as well as carcinogenesis [11, 12] . According to our previous results, the adaptor protein Ruk/CIN85 can form the intracellular doi: http://dx.doi.org/10.15407/ubj88.01.119 complex with adaptor protein Tks4 [13, 14] , which functions as organizer subunit of NADPH-oxidase complex mediated by Nox1 [15, 16] . We have also revealed that ROS production by human colorectal adenocarcinoma HT-29 cells is positively correlated with adaptor protein Ruk/CIN85 expression [17] . Using expression vector encoding fluorescent sensor of hydrogen peroxide HyPer fused with adaptor protein Ruk/CIN85 and live cell fluorescence microscopy, the co-localization of Ruk/CIN85 and Н 2 О 2 generation was shown to take place at the edges of representative vesicular structures in transiently transfected MCF-7 cells [18] . In addition, it was demon strated that high levels of Ruk l /CIN85 contribu te to the conversion of breast adenocarcinoma cells into a more malignant phenotype via modulation of the Src/Akt pathway [19] , development of chemoresistance [20] , constitutive activation of transcription factors HIF-1α [21] and NF-κB (unpublished data).
In this study, we demonstrate the potential of signaling adaptor Ruk/CIN85 to differentially influen ce NoX genes and NOX accessory gene p22 Phox expression using as a model human breast adenocarcinoma MCF-7 cells stably overexpressing different levels of Ruk/CIN85. cell culture. Cell line MCF-7 (human breast adenocarcinoma) and its sublines with Ruk/CIN85 overexpression D4, G4 and G10 [19] , and G4 cells stably infected with lentivirus encoding Ruk/ CIN85-specific shRNA [17] were maintained in DMEM (Gibco ® ) containing 10% fetal bovine serum (HyСlone), 2 mM glutamine, 50 U/ml penicillin, 50 μg/ml streptomycin (Gibco ® ) at 37 °C and 5% CO 2 in a humidified atmosphere. Cells were split 1:3-1:5 every 2-3 days at 70-80% confluency.
RNA extraction. Total RNA was extracted from a 3.5 cm cell culture Petri dish by using the innu-SOLV RNA Reagent (Analytik Jena AG, Germany). Purification was carried out according to the manufacturers' instructions. The purified RNA samples were stored in RNAse-free water at -80 °C. Quantification of RNA was performed in duplicate by spectrophometry at 260 nm. Additionally, absorbtion ratios at 260/230 nm and 260/280 nm were measu red and the quality of RNA was suggested to be adequate at value 1.6-2. The quality of RNA samples was also ensured by electrophoresis in agarose gel followed by ethidium bromide staining, where the 18S and 28S RNA bands could be visualized under UV light.
cDNA synthesis. Two µg of total RNA were reverse transcribed in a final volume of 20 µl containing 1x reaction buffer, 20 pmole dNTP mix, 20 U RiboLock TM RNAse inhibitor, 0.2 µg random hexamer primer, and 40 U M-MuLV reverse transcriptase (Thermo Scientific, USA). The reaction mix was incubated at 37 °C for 60 min before the reverse transcriptase was inactivated by a 5 min incubation at 70 °C. cDNA was stored at -80 °C.
Real-time PCR amplification. All target transcripts were detected using quantitative real-time RT-PCR assays (non-specific f luorescent dyes that intercalate with any double-stranded DNA). YWHAZ was chosen as the endogenous control for data normalization. Primers and probes were chosen with the assistance of the computer program Primer Express (Applied Biosystems, Foster City, CA, USA). Then nucleotidic sequence was 'Blasted' against the dbEST and non-redundant databases to confirm the total gene specificity of the nucleotide sequences chosen. Each primer set was positioned in different exons of the gene in order to avoid amplification of contaminating genomic DNA. The nucleotide sequences are shown in Table. PCR reactions were performed on qTOWER2.2 device (Analytik Jena AG, Germany) using Luminaris Color HiGreen Low ROX qPCR Master Mix (Thermo Scientific, USA). Real-time detection was performed using non-specific fluorescent dyes (SYBR Green) and reference dye ROX. The thermal cycling conditions comprised an initial denaturation step at 95 °C for 10 min, then 30-45 cycles at an appropriate annealing temperature depending on the primer set (shown in Table) for 30 s. Amplification was followed by melting at 60-95 °C with the purpose to estimate the number of PCR products. PCR products were then run on a 2% agarose gel in order to confirm the presence of a single band of the expected size.
For normalization, yWHAz gene was used as reference and data quantification was performed using ddCt method as described before [22] .
results and discussion
To study the possible influence of adaptor protein Ruk/CIN85 on transcriptional regulation of NoX genes, human breast adenocarcinoma MCF-7 cell line and its sublines with different levels of adaptor protein Ruk/CIN85 overexpression (D4<G10<G4) [18] as well as G4 cells, stably infected with lentivirus encoding Ruk/CIN85-specific shRNA (G4shRuk) [17] , were used. The expression levels of NoX genes 1-5, DUoX genes 1-2 and gene for accessory protein p22 Phox were evaluated by qPCR relative to housekeeping gene yWHAz. As shown in Figure, in cell lines studied the differential expression of NoX1, NoX2, NoX5, DUoX2 and p22 Phox genes was detected. The specificity of the RT-PCR products was documented using high-resolution gel electrophoresis and resulted in a single product of desired length (NOX1: 108 bp; NOX2: 550 bp; NOX5: 100 bp; DUOX2: 91 bp; p22 pho x: 317 bp). In contrast, the expression of NOX3, NOX4 and DUOX1 was not revealed under the experimental conditions used or, in other case, was under the detection limit. Simi-
Primer sequences for RT-PCR amplification
lar results regarding expression of NoX1, NoX2 and NoX5 genes in MCF-7 cells has been reported in [8] with the exception of DUoX2 gene, which we were able to detect at low levels in WT MCF-7 cells. As can be seen from Figure, considerable increase in mRNA content for NoX1 and NoX2 genes was observed in subclones with high level of Ruk/ CIN85 overexpression in comparison with WT MCF-7 cells and subclone D4 with low level of Ruk/ CIN85 expression. Especially, NOX1 mRNA content was about 7 times higher in G4 cells and 16 times higher in G10 cells while NOX2 mRNA content was increased 3 times in G4 cells only. The level of NoX1 expression was attenuated in G4shRuk cells. At the same time, the level of NoX2 expression in G4shRuk cells was decreased below the level of NoX2 characteristic of control cells. The most promi nent increase in DUoX2 mRNA content was detected in G4 cells while down-regulation of Ruk/ CIN85 was followed by its restoration to control values . Interes tingly, comparatively high levels of NoX5 and p22 Phox expression were observed in WT MCF-7 cells. These values declined in MCF-7 subclones depending on Ruk/CIN85 expression and restored in G4shRuk cells. Since the expression level of a p22 phox gene inversely correlates with the expression levels of genes for catalytic subunits (NoX1 and NoX2), it can be suggested the existence of optimal p22 phox expression level as a factor that ensures the formation of functionally active oxidase complexes. Our preliminary data obtained using CL assay (unpublished data) showed that G4 and G10 cells produce more ROS than control cells and D4 subclone that is in accordan ce with revealed changes in NoX genes expression. Taking into account the constitutive activation of NF-κB in Ruk/CIN85-overexpressing MCF-7 cells, there seems to be a positive feedback loop, in which NF-κB activation by NOX1/ NOX2-derived O 2 leads to further O 2 production through induction of NOX enzymes [5] .
In cell lines of epithelial origins, high levels of NoX1 mRNA expression were observed in colorectal cell lines [8, 23] , especially in HT-29 cells, for which the positive correlation between ROS production and expression of Ruk/CIN85 was demonstrated by us [17] . High levels of NoX1, NoX2, DUoX1 and DUoX2 genes expression were also detected in lung adenocarcinoma A549 cells, and ROS production by these cells was partially reduced by NADPH oxidase inhibitor diphenyleniodonium [24] .
In conclusion, the studies presented herein demonstrate the potential of signaling adaptor Ruk/ CIN85 to differentially influence NoX genes and NOX accessory gene p22 Phox expression in human breast adenocarcinoma MCF-7 cells that can be followed by increased production of ROS need to control physiological responses of tumor cells. To elucidate, by which molecular mechanisms Ruk/CIN85 could affect transcriptional regulation of NOXs genes, further studies are necessary.
Ruk/cIN85 differentially modulates the expression of NoX genes and gene for accessory protein p22Phox in human breast adenocarcinoma mcF-7 cells that stably overexpress different levels of adaptor protein. Gene expression analysis was performed by qPcR relative to housekeeping gene yWHAz. Data represent mean
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